Abstract Iridovirus is the causative agent of grouper iridovirus infection (GIV), which causes severe epizootics resulting in large-scale mortalities and huge economic losses in cultured and marine fishes worldwide. The current study evaluated the gross and histopathological lesions, and molecular detection of GIV in naturally infected grouper farms in Malaysia. A total of 150 moribund fish showing different clinical signs, presented to the Aquatic unit were used for this study. The fish were necropsied and visceral organs (spleen, kidney, heart, liver, intestine, brain, eyes, gills, and some parts of skin with ulcer) were collected and fixed in 10 % buffered formalin for histopathological processing and evaluation. Molecular detection of the virus was done by polymerase chain reaction (PCR). Grossly, the groupers had ulceration on the operculum and close to the caudal fin with hemorrhages on the margin of the caudal fin. In some fish, there was necrosis of the caudal fin, sloughing of the epidermis, dermal ulceration and popeyes Histological sections showed large basophilic cytoplasmic inclusions and vacuolations in the cytoplasm of hepatocytes. Basophilic or eosinophilic enlarged cells with the presence of mononuclear cellular infiltrations were seen in the kidney, liver, eye and gills, which is the distinctive feature of this disease. PCR detection showed positive amplification from 27 groupers. Based on the gross, histopathological and molecular detection GIV infection was established.
Introduction
Iridoviruses have been isolated for the past two decades in epizootics of finfish and amphibians in several countries. The family Iridoviridae is known to comprise of five genera; two of which are responsible for the infection of invertebrates (Iridovirus and Chloriridovirus), while the other three are k n o w n t o i n f e c t o n l y e c t o t h e r m i c v e r t e b r a t e s (Lymphocystivirus, Megalocytivirus, and Ranavirus) (Jancovich et al., 2015a) . Lymphocystiviruses and megalocytiviruses have been observed to be responsible for the infection of only fish, while ranaviruses infect fish, amphibians, as well as reptiles (Chinchar et al., 2011; Lesbarrères et al., 2012; Gray and Chinchar, 2015) . Singapore grouper iridovirus (SGIV) and grouper iridovirus (GIV) are genetically related ranaviruses, that have been known to have negative impacts on grouper mariculture in Asia since the 1990s (Chua et al., 1994; Murali et al. 2002; Qin et al., 2003) .
Iridoviral infections involving multiple systems have been reported in a range of freshwater food fish species (Whittington et al., 1994; McGrogan et al., 1998; He et al., 2000) , tropical freshwater ornamental fish (Armstrong and Ferguson, 1989; Anderson et al., 1993; Rodgers et al., 1997) and marine food fish species (Inouye et al., 1992; Bloch and Larsen, 1993; Chou et al., 1998; Matsuoka et al., 1996; Nakajima et al., 1998; Jung and Oh, 2000) . In the past, several researchers identified distinct peculiar histopathological lesions associated with localized or systemic iridoviral infections of fish (Langdon and Humphrey, 1987; Langdon et al., 1986; Hetrick and Hedrick, 1993; Plumb et al., 1996) .
There are more than 2000 fish farmers engaged in the culture of marine finfish (groupers) in Malaysia. Groupers are popular aquaculture fish species in Malaysia and account for more than 16 and 30 % by weight and value of total marine fish, respectively. Furthermore, nearly 15 % of the fish seeds are procured from the wild waters, government or private hatcheries. The remaining 85 % are sourced mainly from Taiwan and Thailand (Subramaniam, 1999) . Grouper attains high market demand both in local and international markets and constitute the top menus for restaurants, hotels and resorts, especially during festive seasons. However, the supply of groupers from aquaculture is often limited due to diseases, which occur throughout the production cycle (Muroga, 2001; Hyatt and Whittington, 2002; Bondad-Reantaso et al., 2005; Harikrisnan et al., 2010) . Recently, a disease outbreak occurred in grouper aquaculture in Sabah, Malaysia that resulted in heavy mortalities over a short period of time. The fish exhibited dark skin coloration and abnormal swimming behavior, suffered from skin lesions, hemorrhages and fin erosion. Based on the clinical signs in affected fish, the outbreak might be due to Iridoviridae; a viral disease that has been widely reported to cause high mortality among groupers (Chia et al., 2004; Eaton et al., 2007; Chinchar et al., 2008) , and a range of other freshwater and marine fish species (Fauquet et al., 2005; Eaton et al., 2008; Murwantoko and Pratiwe, 2009 ). However, the presence of Iridoviridae in fish is difficult to detect because it can persist for a very long time in host cells without manifesting any detectable effects. As such, the host can become the asymptomatic carrier of the virus (Jeong et al., 2006) . Hence, the ability to detect the carrier fish could help prevent future disease outbreak from occurring in aquaculture.
The aim of this research was to identify and define the pathology observed in PCR positive systemic iridoviral infections in naturally infected groupers using light microscopic examination of hematoxylin and eosin stained tissue sections.
Materials and methods

Collection of samples
The study was based on 150 grouper fish suspected with Iridoviral infection from cultured farms distributed throughout Peninsular Malaysia. The fish were brought to the Aquatic Animal Health Unit, Universiti Putra Malaysia, between 2012 and 2014. The cases were selected on the basis of histopathological evidence of systemic iridoviral infection. The size of the fish ranged between 6 and 10 cm by 20-30 cm. Moribund fish were transported to the laboratory on ice for initial diagnostic tests. Grouper species were selected because they have been reported to be susceptible to systemic iridoviral infection. The fish were sacrificed by pithing and visceral organs (kidney, spleen and liver) were removed and preserved in 10 % buffered formalin for histological studies.
Sample preparation for histopathology evaluation
The tissues of PCR positive groupers (liver, spleen, kidney, gill, heart, eye, and skin with ulcers) were fixed in 10 % buffered formalin solution for no less than 24 h. Tissue blocks sized 5 mm 3 were cut from fixed samples, processed, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E). The prepared slides were observed under light microscopy for the presence of lesions at various magnifications, and photomicrographs were taken using a camera (Leica DM LB2).
DNA extraction, PCR and gel electrophoresis
DNA was extracted from 30 to 50 mg of fish spleen using Universal All TM Genomic DNA Extraction Mini Kit for animal tissue (Yeastern Biotech Co, Taiwan). The tissue was cut and then placed in a 1.5-L micro-centrifuge tube and homogenized with a micro-pestle and DNA extraction was carried out as stated in the manufacturer's protocol (http://www.yeastern. com/updfile/ProductsFile/UniversAll%20English%20+%20 Chinese.pdf). The purified DNA solution was stored at −20°C until used.
Grouper iridovirus (GIV) was detected in fish DNA samples using a two-step commercial kit IQ2000 Iridovirus (Detection kit, Farming IntelliGene Tech. Corp, Taipei, Taiwan). Protocol for the polymerase chain reaction (PCR) was carried out according to the manufacturer's instructions. The protocol involves two primer sets for a nested PCR amplification; the first reaction mixture contained 7.5 μL of PCR Premix and 0.5 μL of IQzyme DNA Polymerase, to which was added 2 μL of DNA template and 5 μL of 6× loading dye. This reaction mixture was then used in the subsequent direct PCR for iridovirus, and nested PCR was carried out in 14 μL of reaction mixture containing 1 μL IQzyme DNA Polymerase to obtain a 25 μL final reaction volume. Amplification was carried out in the Eppendorf Mastercycler®pro (Vapo.Protect, USA) with 15 cycles comprising of an initial denaturation at 94 C for 2 min, followed by 15 cycles of amplification (94°C for 20 s, 62°C for 20 s, and 72°C for 30 s) and extension for 30 s at 72°C. The second PCR profile was performed at 94°C for 20 s; 62°C for 20 s; 72°C for 30 s, with 30 repeat cycles and extension at 72°C for 30 s followed by a final extension for 5 min at 72°C. PCR products were run on 2 % Agarose gel electrophoresis and stained with RedSafe™ Nucleic Acid Staining Solution (20,000×). Electrophoresis was carried out at 100 V for 60 min in 1× TBE buffer (Tris-borate). The positive bands were detected under UV illumination and photographed by an Alpha imager machine.
Results
Clinical signs
Here the clinical signs reported were abnormal swimming with spasm, decreased feeding, lethargy and darkening of the tail and fins with focal distension of the skin and pale gills, necrosis of fins, sloughing of epidermis, dermal ulceration, enlarged spleen, followed by red boils on the skin and red spots on the skin and head. Moribund fish with rapid opercula movements float in the water surface before eventually sinking to the bottom and dying.
Detection of grouper iridovirus (GIV) by PCR
From the 150 fish samples collected, 27 fish samples were identified to be positive for GIV. The results showed a single DNA band (between 226 and 450 bp), which was comparable with the positive control for iridoviral disease (Fig. 1 ).
Gross and histopathology lesion evaluation in infected groupers
Grossly, the groupers had ulceration on the operculum and close to the caudal fin with hemorrhages on the margin of the caudal fin. In some fish, there was necrosis of the caudal fin, sloughing of the epidermis, dermal ulceration and popeyes (Fig. 2a, b) .
Histopathological changes associated with iridoviral infection were often detected in the liver, spleen, kidney, heart, and gills. The tissues examined showed various degrees of degeneration and necrosis. The epidermis, dermis, stomach and intestine were all affected by GIV infection. Infected fish showed evidence of vascular necrosis, hepatic edema, and hyperplasia of branchial epithelial cells with a fusion of secondary lamellae. Hemorrhage was found in the epidermis and dermis of most diseased fish, this suggests that those that survive the acute infection may develop an ulcerative syndrome, which becomes a source of infection to other fish.
In this study, we observed the most significant change in all affected fish to include the presence of basophilic, hypertrophied cells, frequently in significant numbers in several organs, with inclusion body and hyaline capsules being most dominant. Viral inclusion bodies were detected in the cytoplasm of endothelial cells, epithelial cells and leukocytes. Hypertrophied cells, with a pale foamy or intensely basophilic granular appearance, have been often visible, especially in the liver, splenic parenchyma and capsule, and in the renal glomerulus and interstitium. These cells were also seen in the pancreatic interstitium, and in the connective tissues of the body. They were usually detected in smaller numbers in the liver, and gills. Dark staining crescentshaped cells were often visible around the hypertrophied cells. In addition, a thick hyaline capsule surrounding the hypertrophied fibroblast was observed in the cytoplasm (Fig. 3a) .
In the liver, changes observed early in the course of the infection include sinusoidal necrosis, hepatocyte swelling, focal hepatocellular necrosis characterized by nuclear pyknosis. Multifocal areas of liquefactive necrosis were also seen. Inflammatory infiltration was occasionally seen around blood vessels. Lesions observed ranged from very small to extensive areas of cellular destruction. In advanced stages, there was evidence of progressive vacuolar degeneration, cloudy swelling, hypertrophy, apoptosis, and hyaline degeneration (Fig. 3a) . In the gill, there was evidence of vacuolar degeneration, thickening of the basal membrane of the secondary lamellae or gill synechiae, separation of the secondary lamellae epithelium from pillar cells, hyperplasia, mononuclear infiltration, and clubbing (Fig. 3b) . In the spleen, early changes include multiple tiny foci of necrosis and focal cellular necrosis of the splenic white pulp. Diffused viral inclusion bodies were rarely seen in the spleen (Fig. 3c) . A section from a grouper kidney was observed to have proximal tubular degeneration, mononuclear infiltration, congestion, increased bowman's capsular space. In acute infection, observations revealed focal necrosis, margination of nuclear chromatin, and pyknosis in tubular cells. Glomeruli were sometimes shrunken, and necrotic (Fig. 3d) .
Histopathological characteristics of a grouper eye showed vacuolar degeneration in the outer nuclear layer, separation of the inner nuclear layer, vacuolar degeneration of the ganglion cells, and separation of pigment epithelium layer from the layer of rods and cones (Fig. 3e) . A section of ulcerated grouper skin (Epidermis), showed mononuclear infiltration, a necrotic area, and a hemorrhagic area (Fig. 3f) . The heart tissue showed muscle fibers necrosis and fibrosis with the presence of hemocytes. Occasionally, very small focal areas of necrosis with associated melanosis were detected in the heart. Other lesions observed include necrosis of the endothelium, pancreatic cells, stomach, and intestine; hemorrhages in the dermis, muscles, eyes; and apoptosis in some organs such as the liver and skin.
Discussion
This is the first histopathological study of grouper iridovirus infection in Epinephelus species in Malaysia. The pathology of GIV is similar to Ranavirus-induced pathology seen in other fish (Moody and Owens 1994) , amphibians (Cullen et al., 1995) , and reptiles (Ariel and Owens, 1997) . Lesions are variable but internal organ necrosis is common. The existence of inclusion bodies (IBCs) and enlarged cells during routine histopathological evaluations is an important diagnostic indication of systemic iridoviral infections.
In this study, multifocal, random cutaneous hemorrhages, petechiation (pinpoint hemorrhages) or ecchymosis, swellings and ulcerations are the typical gross lesions found in the skin and fins, petechiation (pinpoint hemorrhages) or ecchymosis of the internal organs, particularly the mesonephros-the kidneys and liver-consists of masses of individual nodules (Langdon and Humphrey 1987; Langdon et al. 1988 , Waltzek et al., 2014 . Red swollen gills observed here were similar to the findings of Mao et al. (1999) . Other lesions such as hemorrhages observed in most organs, fat bodies and swim bladder, and friable consistency of organs have been previously described by Zilberg et al. (2000) and Waltzek et al. (2014) . Reddacliff and Whittington (1996) have given detailed descriptions of lesions due to epizootic hematopoietic necrosis virus (EHNV) Ranavirus in redfin perch (Perca fluviatilis) and rainbow trout (Oncorhynchus mykiss). The findings of this study showed that sick fish had a dark color, ceased to eat and were sometimes ataxic. Gross lesions such as an enlarged spleen, kidneys and abdomen, with hepatic foci were also observed. In a similar study, Zilberg et al. (2000) reported the presence of necrosis in the gastrointestinal (GI) mucosal epithelium, heart and gills of Micropterus salmoides experimentally infected with Santee-Cooper Ranavirus.
In the present study, the occurrence of hematopoietic tissue necrosis and those of the vascular endothelium, epithelial cells with hemorrhage and intracytoplasmic basophilic inclusion bodies were considered microscopic lesions in groupers as was previously reported (Reddacliff and Whittington, 1996; Cunningham et al., 2007; Allender et al., 2013b; Bayley et al., 2013; Cheng et al., 2014; Waltzek et al., 2014) . Necrotizing syndromes with similar clinical appearance have been reported in cultured catfish (Ictalurus melas) in France (Pozet et al., 1992) , sheatfish (Silurus glanis) in Germany (Ahne et al., 1989) , turbot (Scophthalmus maximus) in Denmark (Bloch and Larsen, 1993) , and other fish species in Europe (Ariel et al., 1999; Tapiovaara et al., 1998) .
The findings of this study showed that, the liver, spleen, and kidney (including pronephros and mesonephros) are usually the three organs affected in fatal cases. These tissues showed various degrees of inflammation and necrosis. Systemic necrotizing syndromes mainly included serious necrosis of the renal tubules and hematopoietic tissues, splenic and hepatic tissues. Previous related studies have reported similar pathologies in other fishes and amphibians infected with closely related ranaviruses, such as EHNV (Langdon and Humphrey, 1987; Langdon, 1989) ; Frog virus 3 (FV3) (Wolf et al., 1968; Essanl and Granoff, 1989) ; sheatfish iridovirus (Ogawa et al., 1990) ; catfish iridovirus (Pozet et al., 1992) , and Rana temporaria iridovirus (Cunningham et al., 1996) . These may be some significant pathological signs found in grouper species, which develop into a more chronic type of grouper iridovirus disease.
In this study, acute hematopoietic necroses were detected in the kidneys, which varied from cells that were individually infected. Infected cells showed characteristic basophilic intracytoplasmic inclusions identified as virus assembly sites. Another consistent and conspicuous change in infected grouper is the same as in rainbow trout and redfin perch, which is the existence of degenerated hematopoietic cells, basophilic debris, and fibrous material in the blood vessels that also Reddacliff and Whittington (1996) reported. The marked cellular inflammatory responses seen in the liver, kidney, spleen, gill, and heart could be either due to vascular endothelial damage from neighboring infected cells, a reaction to severe viremia, or cells containing centrarchid-type inclusion bodies as observed in iridoviral disease (Wolf, 1988a) . When existing in melanomacrophages, these cells were fragmented, and it was possible that they were a factor in the spread of the virus within the host. The presence of these cells in different fish species with iridoviral infection suggests that they are either transitional stages in the virus assembly or represent activation of secondary hematopoietic centers. In addition, degenerative changes in the vascular endothelium as observed in the liver¸spleen, kidney, gill, and heart, may be an indication that the virus is endotheliotropic. These findings are similar those observed following infection of fish with other ranaviruses (Cunningham et al., 1996; Jancovich et al., 1997; Bollinger et al., 1999 .
In this research, basophilic and eosinophilic enlarged cells were seen in kidney, liver, and gills and it was one of the distinctive features of GIV infection. Enlarged cells have been reported in many confirmed iridovirus infections of fishes. Similar findings have been described for a number of fish iridovirus including African lampeye iridovirus (ALIV) from African lampeye, GIV from grouper (Epinephelus malabaricus), sea bass iridovirus (SBIV) from sea bass (Miyata et al., 1997) , Red Sea bream iridovirus (RSIV)-like iridovirus from striped beakperch (Oplegnathus fasciatus) Oh, 2000, Kim et al., 2002) , and infectious spleen and kidney necrosis virus (ISKNV) from the mandarinfish (Siniperca chuatsi) (He et al., 2001) . The presence of large cells has been reported in other unidentified fish iridoviruses or iridovirus-like infections. Previously, Bloch and Larsen (1993) reported a systemic infection in cultured turbot where the secondary lamella capillary was occluded by the virus infected cells.
Conclusion
Based on the histo-cytopathologic observations of tissue sections under light microscopy, the virus detected in this study exhibited characteristic features of grouper iridovirus GIV. Histopathological study of grouper iridovirus GIV infections is one of the methods to confirm diagnosis of the disease in fish. Interestingly, PCR detection of the viral NP confirmed the presence of the virus in infected fish that showed gross and histopathological lesions of GIV. This study has thus established the presence of GIV in Malaysian culture fish farms; however, more studies need to be conducted to know the impact of the disease in other associated fish species apart from groupers.
